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N.,VMAT:MIUAL 011 TJIL; 1)3V-UAIOMWfT OF~ A
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f-ol01oai~ar Js a t'ranoTtion of' ali ;-:xtiala bjy
I. S. '3tekol'nikcv andI A. V. Shkilev inth

Thv 3 an- ~pariod ical okad 2~Akaeralii
Nauk 3S33R (Rleports olf the Aadm r 0ene
USSR) VF CXLV# No 4, M~osoow, 1962, pages
782-76~5.7

The au-t-horo lhv invk3tj-1i-atad tiie d~vrýlopm'u, tt of
as.:atk produced by pulse voltage in -naps -rod+,p2.ate-
(-xp) and -rod+rod on platu (-r+r/p) bj arjans of an
e1tron-optical converter ( .'OF) with light anplilica-

ti~o.a (1). A rourided rod1, 20=m in diam,,etor, ~vi,3s uce& as
tkla n,:Z-ative electrode. inl the case of -r-ir/pp a rounded
rod, 10mma in diameter with a haight of fro,. 2.5 to 50cOm,
wvi;s in~sta;lled on 'the plate. In tho ca.-3c of -r+p the
l~t---t of t~he liicharge gap was variad from 100 -to 3000m
and for -r+r/p 30=270 to 300om. The voltage aave had the
shap2e of l.5.x1,000 nicro3eo with2 an sanplitu'1e U clooe to
the minim~umi discliarge volta:r:e (k=tJ/U - OW 1.0). Thý,e
electron-optical convertor waa used with the £'oilowing

objcties:1) quartz (D=3.5)9 2) "Jupiter-3" (D=1.5)
and~ 3) 11Ju~piter-.12'" (D =2.8). The BOP shutu"zer W~5opo~r-

a-ad.a the "open-closed" princi~ple wihmade it possi-
ble- to obtuain, on -the photo.!:;raph LibA, a static picture
o--- th,3 di;3clarge procasses developed at thu* start- of the
tinme scan. The synchro-niZation of t~he L'0? and the os-
oillo~copo rocordi~ng was ensured by connocting their time
pl.ato. to one source of sc3.nniflg volta,,e. Tft current
waý: rB ,istlred by -a,.-an3 of a. shunt connected to the m~aas-

ur±218 Plate *xM2 The lat er was installed *at a hreight;

L f 15=z £roia te8x8a 2grounded plate, In order



F-o analyze in detail t~h,- tum-e piLature of tho spark Oevel--'
opment obtaimed by means of thc -2P?, t•. dioehMrae pro-oe~e• wor• ph:toe,:•-apne• . aneuously by a stationary

camera with a quartz objective (D=4.5) for whioh a known
voltage "cutoff" method from So was used by means of an-
other gap S1< SO&

Results of the experiments. The examples of the
records obtained in gaps -r+p and -r+r/p are corresponding-
l.y shown in Figures 1 and 2 r•e Notel . The connection
of t'i-le scanning in Figuare 1B occurre dat instant t. after
the front of the vcltage wave, Therefore, there te flirst
seen a st',Vio picture ot' discharge processes (cbannels ab 1
acI and others) developed up to t., It is of interest
to note the step character of the propagation of the chan-
nels into the g~p with an average effective velocity
equal to 1.lxlO7 om/seo, The process has a uomplex atzno-
ture: at the lower ends of the channels are observed
bright flashes (possibly the stems of the pilse aorone.)
from the bottom of which go off luminous cbh nels in `the
form of "branches" of the pulse corona, and at the top of
which there is a widening diffueed glow. The brightness
of the glow becomes weaker in the direction o.. tho rod
electrode. It ands on the tip of 'Athe common leader
(line el-e) which develops, with a velocity of 4.2xlO Am/
see, After t, branches from the bright flasehea bagin to

touch the plate. The value of the curzr.3nt 3cos not change
esaentially at this time (see Atigre %G). t %he sane
time bright flashe-s coatinue to propagate toeards the
plate, up to t•, when there iJ fo-uned a brighter branch nud

n brightness of the previou~ly ionized ch4la ' occurs.
fhere ia a slight inorease in the current at tto.a tLj.e
Leader (h) from the plate boginf to groirz. cly after it
is touched by the stepped leader (t,), Ttrs initial
velocity is 2vL0Ocm/soo. A boundle-of tkre6de" (2)
starts on the tip of tha leader and eads on the tip of
the ega-tive leader, 4ith the appearance of the positive
!ealc-r the current rises rapidly. .Vith the appear.nce of
leader (kg) the velocities of both leaders becoz.e approxi-
i.ttely equal and begin to grow rapidly. The closing of
the shutter of EOP ooourred at instant t4 rrior to in-

stant t- of the voltage cutoff.

0ote.: I.n time scars the angle > 900 bet-,veen
the direotion of the scan and the axis of the gap is de-
pendent upon the characteristics of the given .•01.
1. -. J



,ligure 2.-Op-ical p-lctura c," the disciargpý in gap ir~tr
val -r+p for So=27 and kU/tUm:Ln 1.0.

A-i1ta~tic photograph,(qtuartz, D-4.5); al-Ti~me acriI (-OP With
objectiva t"Jupiter-2f"t D4.5)); "-Current osoillogram 1)9
truming traoe ý2) and voltage pulse (3) fv~r shuttiniv oi'f

LagegRd: 1-.4.Saoyo1as; 2 sa e;3 Owwwiml



Legend: "-CSsoycles; 2 - fmo; 3 -

L
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It may be concluded from Figure 1B that when vol-
tage is applied to the gap t2in channels (ablb, n lac,

adf) propagate in steps in several directions from the
rod electrode after the pulse corona (rod zone m&) to the
plate. Se hall call this process the stepped leader of
the spark ee Not • The bright flashes at its ends
we shall oafl stop* and the channels going off downward
from them we shall call branches of the pulse corona.

(Note): The concept of the jerky or stepped move-
ment of the leader has been noted by several writers
studying the spark by other methods (3,4).

e

Pigmare 3. The arrangement for spark development in gap
-r~p. 1-Pulse corona; 2-Stepped leader; 2a-.pulse coror-e.
branch; 2b-step; 3,4-negative and positive leaders;
5.-thread-like glow; 6-maain channel; In the rectangle is
shown the arrangement of the levolopment processes for the
course of~ elongation of the stepped leader (aeb in the
static picture prior to scanning, s2blc is the sc=n),

The spark development in gap -r+r/p is showna in
1'igre 2. At first the spark develops in a manner simil-
lar -to the case -r+p, iLeop stepped leader (be) propagates
towards the plate. When it approaches within a certain
distance of the rod installed on the platep from the rod
at &izstant ti begin to develop branches (lcd) typical of
bwiohes of the pon itive pulse corona with an average
velocity !% 7110'z/oseo The ourrent thiereby does
not essentially change. &a these brancjbes approach theLstepped leader Usiri wel@Qi*1 Inoreaese. Afterglows are

L:I
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oopsrativoly sa-all ia the region paaseed1.,y th~e tips of7

oze the positive pui.96 corona 'branches (tý)) witbh thýý
sto-pped leader is there observed a bright glow along the
entire gap, lop-der (k1ig) begins to develop fromi tho
grounded rod and t1,he currant inci.-eeie et'_arply,

In a, lma of oa.ses i th~e Channel of tb .ýdnac
loade~ thera wore otsterved disoonnected ladr-ika ohan-
nels the & of which develop in both directions wit:a a
v2olo~ity~ _,16sa to thaat5 of the leader at thei ýiletri)5f;

,"IAgues three ,i,,d four ahow arr angamoatt of -p.-k
d-ve nt -nt.9 Sapa --r,*p anid -ir/ Thz*n3t

zFmt zorona Pom~'. sone of excees coiar~.e.
tha zotae radiu~s ioes n~ot aesed 1/3 S 0 IV..t.11 'zon
bounar~ies of nagative spaco charge there are crsxj:ýtie con-
ditiomap f~o,ý itsi p~entrctiorn, kr one or several direcation,~
tocvardý, th~e p~late in the form of stepped l'eadei3. 2hs Iho
feat"rve Velocity' of propagatiori of stapecl ieaclrs lie-s

i~th,'I' .1i~uta of (O.-)l0of~c , t114 Course of
eJ_ dact4ýo~ri of -the stapped leader tller, ýL place threa
proce~ises (see insert in Figure 31: 1) a b-nch. oZ. the
pi.Olse corona in, the fform off one o-. zc~veral th'irol cha-rin..s
2ý5-150orý lon.i7 grows towvards the plat,,, wit-h a eciyo
(1-3);ioscm/seo; 2P-) the tip of -th-: 3tep (fall longth of
atep equal -to r3-lcmas pat tw j h Že
*ith a valo~ity in the oAerc 5xolom/360; 3)the ;
which i~s bri-4ihter Iits lowar 1.ortiona -rop~a,,atec with
a velocity of A$1 cA/so upward al.c.-ag the prev-1waly
for~ned chanmiel olf the atapped lead1er. -Driii ltbe tiz~a
Of t 3tap deve..,lopment this prooe:3s ma~y be rapaat-id.

vev Jra 1 times but alwavs fromi the propagain Vi ft~
SrLp 7etween the step of the lealer theeocr ,ue
in thle ordetr o*!. one microzeaond. -2aoh sacceeding step
uu~ally starts at the and of -9e previouae atar. S ixl-
tai.r~euoly. with the propa~gatiofl of the stapped leader

towrdathi plate therue developS from tha r'oa a coao
1lýdor with a 7relocit~y 0o9 (1-5 )z1O.oM/0e. stt~ppr.
l~aaa.rs create ionization of the air and carry into the

ga-.a negatIVve --harge which changea the initial graiienit
di-3t.ribuition along the gap increasing them to the ex-4ti-
Cal -vsrluem near grounded objeots. This, in th,,e 0ase of
-x7+r/p icails t11o the levolopment o- a counter process from

tegrounded rod of height h in the foxzm of branches of
LPositive pulse corona. Us* averse. velooi-ty o-18'Uir j



7,i 3n/~c The ijrooq X1 0r z -Lt as T18t cer
tain xACcmA ýýh 2 .i

boa~ Tj.~~ch thý. -,qpý,jýo h
ti,,o of t c raaohha3 riz3 P, Pt t',-.e i~c,,ai;nt of' thair

morg.ný?; Iith the -t,,.pped. 1,adc~r the glow fiazzhos along
tha Gntiv.- gý. an~i tli,; v;ozitiv,2 1L-adar b.ý2-inz to J::Ve1op
f'rcrn tiie rod. S Cr, 'ielp's,1 to ai jro-' t t~xzlat, on, theý h

o~f t~i rod. and itW3 dstJA.ice:;Yint ;iith rec to thel axis
ofth ~ap 3 r re~zswith 44-1-1o dccrz,,:3!a~ h~l. .t

thne, 11,.it, in thea case of a arctooth su~rfa0ce (h=O)t tlho
coteýped. lkýader rýh .~~-pltea'~ .. 1rom~ th,'ý Ipolat c C
oort!tact alon,; itsi chan~ae1 threre devJ.lopsi a cou~ntar, poti-

tiv-, oor.:-on li:er ,. in san in~itial. volouittr of0 0
crV/*ec. .iiith ~eappaaroc:- 0:;.ý a ixcritivo 1for -:O

1,ýderz occo.ine aloprox in31ay the3 sniuie and. incraatP
rapidl.y, Jumps may occur in tha &'iv ýojpraitu cij' the
loaders and thair ju.nction ise made by a :final Jimp ()
M,. lattir lid -,Wo thý-. main o.1,innal and to tha coriple-
tion, 0± f he broakaown.

Piriure 4. -"~park 1avilop~aent !.n gap -r+r/,p,
7-3arc~of' pozitive pulse coronao .Its-

niaining dasiý;atioz1B are th:ý zama as i.n
I'~ae3.



F Discussioxx of the Results

- 3 1. The analysis of the data makes it possible to
#3cp:,n qualitatively the higher values of discharge vol-
tage (tUd in the gap -r+p as compared to Ud for the gap

-r+37/p. Actually, the introduction into the gap of a
negative discharge by the pulse corona and the stepped
lead or reduces tho potential gradients near the high
voltlage electrode and makes it more difficult to devel-
op a leader from 1t. To continue the spark development
it :6s necessary either to raise the voltage across the
gap or to decrease the negative space charge. Thie lat-
ter fmnction is aocomplished b,.r the positive leader.
The positive leader originates in gap -r+p only after the
steppad leader touches the plate Ifter pazing the entire
distiace S0o" In the oase of -r+r/p the positive luader

originates after the stepped leader passes only part of
the gap (So-S or This explains the lower discharge

voltage.

2. The development of the negative spark is oft3n
compared to the mechanism of the formation of l±gatning
which, in the vast majority of casea, also has a nega-
tive. polarity. If, following along this line of reason-
ing, a comparison is made of the arra.a-gement in Figure 3
with a known arrangement (6) based on photographic scan-
ning of lightning made by Boys cameras or with its more
recent_theoretical varieties (7,8), it becomes clear
that they are far from being the same. Thus, while in
the case of a spark after the stepped leader touches the
plate, as was noted, there does not occur izimediately
a foaation of the main channel and a breakdown, in the
case of lightning striking a plate thc3re is assurmed a
development of the main channel Ltraediately upon the ar-
rival to the earth's surface of the stepped leader, the
charnel of which is considered highly conductive. The
further development of the process of the 3tepped leador
elongation of the spark doos not correspond to the de-
scribed mechanism of the step leader of lightning. Our
photographs made by apparatus with high optical bensi-
tivity have not discovered a "pilot-leader" in the man-
nar postulatedby Schonland (9,10). Turning to the his-
tory of this question, we shall note that in 1938 Alli-
bone (11) made static photographs which showed clusters
and diffused glows at the ends of the split-off leadars
and their bx'sicheos Aside from thatp, Liohteonoerg fig-

-- 8 -



rwrea', weeQV)nd .'ro-;i tv e v ':troi n vo ta e
cut off' ~ t ~ ~ ~LY. ~2io.

repre3ent l~he' pio- dr ai in.PiSc~~
tur, weB su.pp~orted lby :;c,'onland (10).

~QOC~tf, )en~ood, in alciO of (7),x-
r~crol -the opitaon twiht , 1: :hl he hias photo-

g~'~he~1..a a Fnar r-.x fLor 3 ~500cm _ia3t be acsUMd 01 O3

a I'D 4.1ot-1c.-Ader". si viovi crf oa~r ilt h_ ~ oo-.

thr.-B-ds' ffroyi ths- tip of +thq leve2.opin!' po2.'J-ive lealer

br~k~b'mof ga;o r--p *JO 7cm) pl-ied. in oill, Te ic;

se:-n -.m euv al ernt '04 10t strotLaer" vi.ich dvelw a

dcawnward frori- thý L-nd ~ the ",,.aitial 3r r"to-
v,~rs tv~ ro~rx~aj~1 b;- a: &.-.o`ýo szýril' -:LL to

that poztuliated to:' a-nbi:~ h._LJu~ity of
the photo~sraphs and th.3 velocity of th.air ti.ia~ jowl
.1o - no ,.rovicle Via propar baee, for such a conclusici.

Thi3. 4 ..t? an$I 8.:1i~ tn '~:Or'o-
cess of ip,ýi:z .-.lavopmw~nt in 2,, -r+r/p h? c 4) Z2rlr

Wren oJ,:)otric t-ax. issicn ltnzs are struck by li&-,t-

.'rom ulita aiaied it' may bta aaawael thatv
th. ~roasoes of li±:htni.Zn dvelopment based on photo-
Sra2phs made by Boys camimet rompx~r*.o further clarifica-
tion,

20w~r nstWit~ate
Im-li G. M. rzhizharnovskiy Re %., .re d

2 A,-ril 1962
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